Abstract: Modern day supply chain has gone through many changes in order to satisfy the ever increasing needs of customers. One of such change is origin of omnichannel in supply chain which believes in not only satisfying customer's needs but also delighting them. Implementation of omnichannel in practice comes with lots of challenges. These challenges are summarized as major research areas in omnichannel and being explored in this paper through literature. Further, distribution system in omnichannel demands flexibility in distribution which results in restructuring and reconfiguring the practices of traditional supply chain. For this purpose, a mathematical model has been developed under omni environment which provides the facility of flexible distribution for customers. This proposed model is bi-objective in nature which considers sustainability along with minimization of total supply chain cost. To check the feasibility of the proposed model, numerical illustrations have been carried out for two different scenarios. In first scenario, the proposed model is solved for single product and single time period while in second scenario similar conditions are considered for conventional Supply Chain Network (SCN) and is being compared with proposed model. The proposed MILP model is coded in GAMS and solved using CPLEX solver. The results obtained indicate that proposed model possess superiority over conventional SCN in many aspects. The findings from the proposed model ensure that customers are free to avail product and services from their desired channel as per their choice. 
Introduction
Today's market is ruled by consumer's wish since ever increasing competition has made the consumer a king. Consumer's wish to get products and services in way they want with respect to their choice of channel, convenience, place and benefits which has led to the concept of omnichannel. Rigby (2011) was the person who coined this term in literature. In simple terms Omnichannel (OC) is the integration of all available channels for making customer shopping experience seamless (Brynjolfsson, Hu, & Rahman, 2013; Rigby, 2011) . These channels could be physical stores, websites, kiosks, direct mail and catalogues, social media, call centers, mobile devices, televisions, gaming consoles, home services, networked appliances and more (Rigby, 2011) . Broadly these channels can be categorized in Figure 1 .
Omnichannel has revolutionized the way we do the business. Omnichannel is not about buying things online or offline, it's about bringing customers back to the stores. Even now-a-days customer do share theirs information with retailers, which is helping the growth of omnichannel by learning customer shopping behaviour and providing customer what they wish. Happiest Mind (a US based firm) in 2015 reported that 47% of customers share their valuable information with the retailer if they get good offers from them. Bardwell (2012) stated that an omnichannel shopper eventually spends 3.5 times more on shopping than single channel shoppers due to easy access to mobiles, tablets and internet. Availability of useful information regarding products on dot com and convenience of getting them as per customer's wish is the major factor responsible for growth of omnichannel. Also the use of Information Technology (IT) has emerged as key enabler for omnichannel implementation.
Many a times omnichannel is confused with multi-channel 1 and cross channel 2 and used interchangeably and not with clear distinction (Beck & Rygl, 2015) . Each of these channels has certain advantage but no single channel is best suited in all situations. Chopra (2016) has given the strength and weakness of these channels and also talked about how these channel can be integrated so that omnichannel becomes the future of retailing. Further, Verhoef, Kannan, and Inman (2015) identified that industries as well as researchers are moving towards omnichannel retailing, where world will soon become showrooms without walls and boundaries between online and physical retailing will vanish (Baird & Kilcourse, 2011; Beck & Rygl, 2015; Brynjolfsson et al., 2013; Rigby, 2011) . Moreover, omnichannel is more customer-oriented and customer-focused (Peltola, Vainio, & Nieminen, 2015) . Lazaris and Vrechopoulos (2014) reviewed the transformation of multi-channel retailing to OC retailing and came out with research gap to be analysed in OC retailing for its improvement. Tetteh and Xu (2014) talked about single, dual and omnichannel distribution network and stated the challenges faced by each of these channels. They also found out that having an efficient distribution channel leads to product growth and add to organization's profit. Hence efficient network design is must to leverage the benefits of omnichannel.
Network design is one of the key aspects for smooth functioning of any supply chain. Further Supply Chain Network (SCN) consists of upstream supply chain and downstream supply chain. Upstream supply chain starts with supplying raw material from suppliers to manufacturers. While downstream supply chain is concerned with design of distribution network to deliver products to end user. Lots of researches have been carried in the area of network design to solve different supply chain issues (Farahani, Rezapour, Drezner, & Fallah 2014; Melo, Nickel, & Saldanha-da-Gama 2009) . Application of network design could be found to handle different supply chain issues like risk mitigation (see Singh, Mishra, Jain, & Khurana, 2012) , uncertainty in supply chain (see Pishvaee, Rabbani, & Torabi, 2011; Singh, Jain, & Mishra, 2013) etc. Further with overwhelming response to implement omnichannel in real practice, new issues have arisen. This is due to fact that omnichannel customer is believed to enjoy flexible distribution which tends to alter downstream distribution network design. Due to flexibility in distribution, the level of complexity increases in designing distribution network. Different morphology of distribution can be found in Chopra et al. (2007) .
The goal of omnichannel would not be possible in real practice without having an efficient and flexible distribution network. Thus there is a need to design flexible distribution network for successful implementation of omnichannel strategies. The purpose of this study has two main objectives. Firstly omnichannel need to be explored to make the concept of omnichannel possible in real practice. For this purpose an effort has been made to summarize research areas into different domain through this article. The second objective is to design a flexible distribution network so as to fulfil the requirement of omnichannel distribution. Through the proposed model, customers are free to access the products with respect to their desired channel.
This section deals with introduction about omnichannel and need to develop network design for omni environment. Section 2 explores the major research areas in omnichannel. A mathematical model is developed for designing flexible distribution in Section 3. Section 4 illustrates numerical cases to validate the proposed network model under omni environment. Finally Section 5 gives the concluding remarks of this study.
Exploring omnichannel
The omnichannel not only comes with adding extra-ordinary value, profit, reputation to organization but with many problems involving risk too, which should be tackled well in advance. The famous firm Deloitte released a document in 2015 concerning these issues and suggested that organizations should have Supply Chain Management (SCM) risk program to tackle these concerns. Many a time, omnichannel is having so strong impact that even it changes the whole supply chain network design of the organizations. For this purpose out of five retailers, four think that their SC does not suit to the requirement of OC retailing and thus needs re-engineering to structure their physical flows of products (EY, 2015) . Though omnichannel has so much advantage and have potential to become future of retailing. But implementation of omnichannel in supply chain is big challenge which is current major research area in OC. Further, a summary of challenges and opportunities in the area of omnichannel is categorized as follows:
• Design of flexible distribution network.
• Harnessing the power of information technology.
• Developing omnichannel strategies for rural areas.
Design of flexible distribution network
Omnichannel distribution network not only delivers products to the customers but also take care of returned products giving rise to the concept of forward and backward omnichannel distribution network (Hubner, 2016) . So this can be summarized as following:
(1) Forward distribution network consisting of location from where the product is dispatched up to where it is received i.e. end user place.
(2) Backward distribution network is consisting of collecting products from customers and back to retailer again.
Designing omnichannel distribution with forward as well as backward comes with many challenges since a customer in omnichannel believes to enjoy a convenient way to return the product to retailer in spite any volume of returns (Handfield, Straube, Pfohl, & Wieland, 2014) . For this reason, organization must have facility to return the product in store as well as pick from home involving least paper work and convenience for customer. This will need a proper integration of different channels which is a challenging task having a lot of factors having probabilistic nature (Bell, Gallino, & Moreno, 2013; Frazer & Stiehler, 2014; Gallino & Moreno, 2014; Gallino, Moreno, & Stamatopoulos, 2017) . However, leverage of Information Technology has helped much in integrating these channels and moving to a new era of OC retailing (Piotrowicz & Cuthbertson, 2014) . One of the important outcomes of this integration is concept of "Buying online and picking up in-store" (BOPS) which is gaining much of sales now-a-days (Gallino & Moreno, 2014) . BOPS is becoming win-win situation for both customer as well as organization since supply chain cost is reduced due to reduced cost of transportation. Neslin et al. (2014) proposed a framework for consumer decision for what to buy and where based on channel brand and choice of channel. This framework can be helpful in developing omnichannel strategy for OC retailing. Kuźmicz (2015) has talked about how to do benchmarking in omnichannel logistics and has used flexible delivery as a proxy for benchmarking in OC. Xie, Jiang, Zhao, and Hong (2014) made the earliest contribution in the field of planning and allocating the product in multichannel distribution which has strong connection in developing omnichannel distribution network. They developed a two stage mathematical model for capacity planning and allocating a manufacture in SC who delivers products to customer independently as well as via service provider. Zhang, Lee, Wu, and Choy (2016) designed a multiple distribution channel considering the sustainability scenario, reducing SC cost over all and showed that omnichannel emergence has led to better benefits for customer by making available the products and services directly to them. The proposed model was solved using Ant Bee Colony (ABC) algorithm and compared its results with solution by GA. They found out that ABC results in better solution than GA for this problem.
Other prominent issues which could be raised while designing flexible distribution system for omnichannel environment could be (a) type of distribution network configuration is to be used for fulfilment (b) location and capacities of new facilities (c) design of responsive backward distribution network for returned products (d) incorporation of sustainability in designing multiple distribution channels supply chain network (MDCSCN) (e) which facilities should be used to fulfil orders from which customers? (f) how many lockers need to establish for a particular distribution network? (g) should these lockers is to be shared or not? If lockers to be shared, what kind of game theory (Nash or Stackelberg games) to be considered for cooperation? whether this will affect organization's competitive strategy? If yes, what is solution? (h) right strategy for BOPS for e.g. pricing, profit trade-off, return etc.? (i) decisions regarding addition and deletion of different channels and right mode of product and services mix for retailers. (j) decisions regarding the inventory balancing, pooling and promotions in omnichannel retailing and new transportation strategy effective in terms of cost, time, capacity and delivery parameters.
Harnessing the power of Information Technology
Implementation of omnichannel strategies needs availability of real time information to all stakeholders of supply chain. This helps in proper integration and coordination between different channel for e.g. use of big data analytics etc. Further these kinds of applications for successful implementation of omnichannel strategies can be found in ( Gallino et al., 2017) . Ericsson, Farah, Vermeiren, and Buckalew (2012) from Cisco ISBG applied concept of omnichannel in banking sector and found to be win-win situation for both organization as well as customer since customer were offered real time information and can use the desired channel as per their wish. They also stated it to be future of banking too which is clear indication that the world will be moving to virtual banking soon. Consumer shopping experience has also been improved a lot with the use of Application program interfaces (APIs). APIs help in making the activities of shopping more convenient and thus attract more masses to avail the services. However use of IT could be further harnessed for more benefits in form of following research opportunities: (a) use of Application program interfaces (APIs) to enhance omnichannel retail atmosphere (b) data mining technique to harness maximum valuable data (c) capturing real time useful information to retailers as well as consumers (d) designing advanced security layer free from all kind of threats i.e. internal as well as external threats (e) scenarios management i.e. possibility of cloud solving and implementation (f) strategy for order management in omnichannel environment (g) customer relationship management (CRM) by managing customer database to serve customer effectively, protecting customer data and ethical use for customer data for marketing (h) user friendly apps to navigate and track the desired product (i) seamless integration of different aspects (For e.g. Social media, CRM, call center, websites, mobile applications and instore technologies) (j) use of data analytics and data science to unify data both offline and online (k) strategy to be used in the case of dot com failure.
Developing the omnichannel strategies for rural areas
The concept of omnichannel would be more successful if it benefits more masses including rural people. Since basic infrastructure is not adequate in rural areas which makes it difficult to implement at remote places. Hence omnichannel strategies need to be altered in order to implement. For e.g. setting up a kiosk where people could visit and place their orders, while provision of delivery points for receiving products. Providing omnichannel experience to rural customers not only benefit rural consumer but also to retailers since government in most of the countries are very keen to uplifting the life standard of rural people and provides incentives to companies helping in developing rural areas. Digital India is one of such initiatives by Government of India which would definitely help in successful implementation of omnichannel strategies. Rey-Moreno and Medina-Molina (2016) studied the current scenarios of e-government development of public services in Spain. They stated that use of omnichannel strategies can increase the citizen's rate for the use of public services in Spain through e-government. Some of research opportunities to develop omnichannel strategies includes: (a) developing omnichannel framework for rural areas (b) establishing suitable cooperation policy among retailers to integrate different channels (c) provision of different financing schemes for rural customers (d) use of government subsidies to develop omnichannel approach in rural areas (e) developing information system through networking in rural areas.
In this section possible areas of research in omnichannel have been explored. Basically, omnichannel has brought revolution due to increased customer satisfaction through flexible distribution. So there is need to incorporate flexibility in distribution systems in existing conventional distribution network. This would result in restructuring and reconfiguring the existing conventional distribution network. Further, incorporation of such changes in existing conventional distribution network is a challenging task due complexity in solving and difficulty in handling the different constraints associated with these models. To encounter these challenges, a mathematical model is proposed for flexible distribution under omnichannel environment in the next section.
Mathematical formulation
In this section a mathematical MILP model is formulated for flexible distribution under omnichannel environment, which take care determining facilities location and optimum flow of product between these facilities. Figure 2 shows the detail insight of the proposed Multiple Channel Distribution Supply Chain Network (MCDSCN) model, in which manufacturers, Central DCs and Regional DCs are directly serving to the customers. The proposed model is flexible in nature since any of these facilities could entertain customer as per their wish for choice of channels. Information Technology could play as key pillar for this model as it can integrate all channels and provide the perfect information at right place for necessary action. Supplier in this work is not considered since they don't supply goods and services directly to the customer. However, cost of transportation is considered between suppliers and manufacturers. The assumptions considered for designing our MCDSCN problem are as follows:
(1) Demands of the each customer have to be met.
(2) Each customer can get their product and services from any facility.
(3) The capacity and location of suppliers, manufacturers, central & regional DC is known well in advance.
(4) There is no intra-echelons flow of products between facilities.
(5) The model is designed only for a single product.
The notations and symbols used in designing MCDSCN are as follows: 
Corresponding distance between two facilities
Unit cost of transportation between two facilities
Unit environment influence produced between two facilities In this research work sustainable objective i.e. minimizing total supply chain cost and reducing carbon content is introduced in the proposed MCDSCN model. The first objective is minimizing supply chain cost which comprises fixed cost of the facility and transportation cost between the concerned facilities. All the other related cost like production cost, procurement cost etc. has been not considered here since they are more or somewhat remains constant. Mathematically supply chain cost can be written as follows:
Decision variables
The second objective is for minimizing carbon content. The carbon content is produced from operating facilities and corresponding vehicle transportation between facilities for the purpose of product flow.
These objectives are not free or unbounded rather they come with certain real world constraints. The constraint associated with this are as follows:
Constraint (3) ensures that customer demands are met. Different channel could have different demands. Constraints (4)-(7) make sure that product flow from any facility i.e. regional DCs, central DCs, manufacturer and suppliers do not exceed their respective capacities and flow constraint are logically followed. From above it is quite clear that this turns out to be MILP model. Further, commercial package GAMS using CPLEX solver was found suitable to handle such problem.
(1) 
∑ b∈B z ab < a c
Numerical illustration
In this section a numerical is illustrated with a purpose of showing superiority of proposed MCDSCN model over conventional SCN. The location of suppliers, manufacturers, central DCs, regional DCs and customers is considered within a 200 × 200 in a coordinate scheme. For the problem considered, four suppliers, three manufacturer, four central DCs, four regional DCs and six customer zones are taken into account. Further the Euclidian Distance (ED) is considered between two points (x, y) and (x 1 , y 1 ) as follows:
The unit transportation cost is based on these distance, higher the distance higher will be unit transportation cost and vice versa. For our case study the unit transportation cost is taken as 0.1 × ED. However environmental effluents considered with transportation is directly proportional to distance travelled for product/services delivery to the customers and is denoted by e ij = α x d ij and here α is considered as 0.014. The unit transportation cost, unit environment effluents cost, and operating cost of facilities is given in Tables 1-6. The demand for various channels is also given in corresponding cost matrix table (Refer Tables 4-6). The capacities of different facilities are arranged in descending order from supplier to customer demands as mention in inequality 9. To solve this bi-objective, it is first converted into single objective by correspondingly adding unit transportation cost and unit environment effluents cost and similarly for the operating cost. Now this MCDSCN MILP model was programmed in GAMS using CPLEX solver running on a PC having a 2.5 GHz i5 processor with 3.78 usable RAM in a 64 bit Windows 10 platform. Two different scenarios were considered to show the utility of the proposed MCDSCN model in real world. In the first scenario, the MCDSCN model was solved for single product and single period while in second scenario, similar problem environment was considered for conventional SCN and results were compared.
Scenario 1: Analysis of proposed MCDSCN model for single period and single product
In this case the proposed MCDSCN model was solved for single product and single period. The total SC cost (i.e. objective 1) turns out to be 196,699 rupees while environment effluents cost (i.e. objective 2) was found to be 26,048.86 rupees (Refer Table 7 ). Also for this scenario only manufacturer 1 and manufacturer 2 were open while manufacturer 3 was closed (Refer Table 9 ). Similarly for Central DCs only CDC 1 and CDC 2 were open and rest were close while in the case of Regional DCs only RDC 3 and RDC 4 were open and other were closed (Refer Tables 10 and 11 ). Optimal flow of product between different facilities is shown in Tables 8-13. Tables 1-6  Results: Refer Tables 7-12 196,699 26,048.86 Figure 3 .
With reference to Table 18 , it is quite clear that MCDSCN possess superiority over conventional SCN in terms both sustainable objective i.e. minimizing total supply chain cost and reducing carbon content. For conventional SCN, the total SC cost (objective 1) incurred is 236,519 rupees while in the case of environment effluents it was 31,158.66 rupees. Similarly in the case of proposed MCDSCN model the total SC cost (objective 1) incurred is 196,699 rupees while in the case of environment effluents it was 26,048.86 rupees which is much lesser than cost incurred in conventional SCN. Also in the case of conventional SCN three Central DCs (1, 3 and 4) are open while in proposed MCDSCN only Central DCs (1 and 4) able to handle all the product flow. Similarly in the case of Regional DCs for conventional SCN, Regional DCs (1, 3 and 4) are open whereas in proposed MCDSCN only Regional DCs (3 and 4) are able to handle the product flow. This shows that in the proposed MCDSCN, fewer numbers of DCs are required and these DCs need to carry lesser inventory as compared to that of conventional SCN. This not only saves the cost but also provide opportunities for organization to expand their business. Further optimal flow of product between different facilities for conventional SCN is shown in Tables 14-17 As shown in Table 18 it is clear that the proposed MCDSCN model has achieved significant saving than conventional SCN for both objectives. Further the customers have better convenience and reach to avail the product and services which increases customer satisfaction. Through this proposed model online giants can target more customers by providing products and services to customers as per customer's choice of desired channel. The level of complexity in designing MCDSCN is much more than conventional SCN which could be seen from Figures 4 and 5. Tables  1-6 Results: Refer Tables  7-12 Data: Refer Tables  1-4 Results: Refer Tables  13-16 196 
Conclusion
This paper focuses on two different objectives, first is to explore the major research areas under omnichannel while second is to develop a mathematical model for flexible distribution under omnichannel environment. The different domains of research areas explored and summarized into three different categories. These categories include designing flexible distribution system for omnichannel environment, harnessing the power of information technology and developing omnichannel strategy for rural areas. Notes: All lines are straight. Some are shown zig-zag for better product flow visibility. A facility not connected to any other facilities is considered to be not in operation.
